SPIN 2002
BNL, 9-13 03] 02

Marc VANDERHAEGHEN
( MAINZ )

DEEPLY VIRTUAL

EXCLUSIVE

I SCATTERING

i s

G enERALIZED
Parvon
DisTRIBUTIONS




- OUTLINE

=> INTRODUCTION
WHAT ARE GPD., (

WHAT (S THEIR 'NEwW' 'PHYS!'CIS”CONTENT

=> MODELS / PARAMETRIZATIONS OF GPIy

=>  DEEPLY VIiRTUAL EXCLUSIVE SCATTERING PROCESSES

DEEPLY VIRTUAL COMPTON SCATTERING ( DVCS)
DOUBLE DVCS |

" HARD ELECTROPRODUCTION of MESQNS

= SUMMARY & OUTLOoK



(NON - FORWARD) DEEPLY VIRTUAL
COMPTON SCATTERING (DvCS) |

e INCLUSIVE DiS <—s FORWARD DVCS

Q>  HARD SCcAlE = PQCYD
v »

« Xg = Q*/2My  FiNiTE
q

PARTON
DISTRIBUTION

~ ® HARD EXCLUSIVE, NON- FORWARD |
| ELECTROPRGDUCTION

¥ It Azq_A ¥ (o MESON)
_ A Now-ZERO
BUT SMALL
E= A" (-tg1GV?)
p+A |

=3 4 LORENTZ E (T)



GENERALIZED PARTON TD\STR\BUTIONI

mEEPLy VIRTUAL COMPTON SCATTERING
IN BIORKEN LIMIT (Q%» , v, 5>, 4= rinire)
2My] .

/

=T
4 |
HANDBAG DIAGRAMS (VALENCE REGYON)

] E SMM_L}:/,,K
—

A

+ CROSSED
DIAGRAM

P = weee P

q - LARGE 9,97
”';\< i o
v 4~ %gl2
P P'(1,0,0,1)
/n'“z 2—4--9,'(:1,0,0,-1)

+ . ixPty- -
2 for e o 3t g2 7 >y,@
. ﬁ(.»'){H(x,s,e)m + E(x.s,&)w“"*éﬁ m,,,}m

Efiv' CEY g p | Ty mts 9P

2T Y 07/.1

= N(?){H(*?l-)mx + E(x}t)&% ,;} N(p) |




@ LINK BETWEEN GPD §& 'orDiNaRY’ PARTON
DISTRIBUTIONS

F ' 12
N g\
DIS | > FORWARD ~— </ Ao
DVCS >

H(&S:O, A.z=o) = C[(x) <~ QUARK DISTRIBUTION

H(x, =0, !_\2=0) = Aq(x) «— QUARK HELICITY PISTR.
| e ¢ - wro |
! E,E 7o nor appEAR in DIiS => NEW iNFO 3

@ ELECTROWEAK FORM FACTOR  SUM RULES

fdx H(x,%,n) = E(8)

fdx E(x%, 0= R(2°)

folx '?'(X.§,Az) = GA(AZ)

€ @-PoLE
£ INDEPENDENCE (LORENTZ iNV.)

fd,( E(x'§,Az) = GP(AZ)



HANDBAG (BiLOCAL) OPERATOR
PROVIDES MNEW WwAYS TO PROBE THE NUCLEON |

1)

' "
GENERAWZED
PROBE

?<0){ } q(y )

2o ?mv{wm}7()'* 4 ?mﬂkw%yﬁ®)

(\!+_@, Y,z @) , iL deee
¢ ¥, W7 ofe. GRNITOM,
PROBE PSEUPO -GRAVITON
PROEE -
<N N> ¢N| .. N
v Y

E LECTROWEAK ENERGY - MOMENTUM TENSOR
FORM FACTORS FORM  FACTORS

oo HANDBAG OPERATOR MEASURES GENERALIZED FORM
FACTORS



® MORE GENERAL SUM RULES [ SPiN OF NUCLEON

" ' ; (( XTJ
= DVCS | §§£§§““ ¥, W’ZJPR@F
y
! —> SPECIAL = FF(t
P Sp! Ao fdx GPD(x,3,¢) )

"> OTHER PROBE' . €9. NUCLEON iN EXTERNAL

CLASSICAL GRAVITATIONAL FIELD
'AZ_,:) A G Ta.v
- G COUPLES To ENERGY- MOMENTUM TENSOR
N

N Ry I
<P' )T ) P=i(p+p)
JL = N{A(k ) ¥& pY 4 BE) P
" ] t ZM
"DIRAC 'PAULI + C(E (A A A “‘W) }H

jotx x H(x,0,t) = A(t)

(%.7)

A

§=0 =A=A, ]alx x E(x,0,t) = B(t)

-1
= LINK WiTH SPiN
e e e

* GENERAL : ToTaL system { A(0)=1 MOMENTUM cong,
. B(0) = O ANGULAR MOM, Cons,

TOTAL SPIN T = 1 (A(o)+ B(o) ) =1

PHYS\CAL INTER PRETATIOM 1N TERMS OF QUARKS % GLUONS
J =
J(, +

—— qf'k /jl&? . 1 \




ZED PARTON DISTRIBUTION
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GPD calculation in the
Chiral Quark Soliton Model

Petrov, Pobylitsa, Polyakov, Bmwnmzﬁjgek@ Weiss (1998
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PROTON electric and magnetic form factors |
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Signature of gq correlations
in DVCS beam-charge asymmetry
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'HARD ELECTROPRODVCTION
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| Transverse spin asymmetry in
| hard meson electroproduction

ASYMMETRY for a TRANSVERSELY polarized target
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| Transverse spin asymmetry in -
~ longitudinal vector meson electroproduction
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e LINEAR dependence on the GPD F
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’Tramsverse spin asymmetry in p% and w; production

TRANSVERSE SPIN ASYMMETRY

TRANSVERSE SPIN ASYMMETRY
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Transverse spin asymmetry in
| pseudoscalar meson electroproduction
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FRANKFURT , POBYLITSA, TOLYAKSY, STRIKMAN (1393

e A = GPD H
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e linear dependence on the GPD F
for 7t : | T T
B is dominated by a LARGE 7-pole contribution

e Ratio = LESS sensitive to NLO |
and higher twist effects ( EARLY scaling )

e purely real contribution to amplitude
- = does not give an asymmetry

LARGE Ay = predicted by the |}
chiral dynamics of QCD |




SPIN ASYMMETRY

| Transverse spin asymmetry in
" | pion electroproduction
Leading order PQCD result
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SUMMARY |
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